Background:

With a increasing demand on the global power gnd increasing energy costs
there is a growing demand for change in the wayseeenergy. With a major portion of
our energy produced going to the lighting of horaes office buildings a change here
would significantly reduce our energy needs inftliare. A new lighting system will
decrease our demand on energy and will provideanskary benefit by providing lower
energy bills for our clients.

I ntroduction:
For ECE 403/405 our group was given the task oéliging a lighting system
using high-brightness LEDs.

Requirements:

* The LED array should provide light comparable tov@ntional lighting used
today.

e Our lighting source must be powered by the 120sviotim a wall outlet.

* The light output of our LED array must be adjustabl

e Our LED array must be protected from over-current.

* We will compare light output, efficiency, cost, aliféd expectancy of all current
forms of lighting with our LED array.

Design Considerations:

One of the first things we had to do to answes gaal was to choose a light
emitting diode (LED) that would provide a high luraus flux to watt ratio to keep with
our goal of increased lighting efficiency. One loé tmost crucial aspects of our project
was the LEDs brightness and efficiency. Decidmgxceed the light output of a 100
watt light bulb which produces 1740 lumens a prdgdelD selection is a fundamental
portion of our requirements. The LEDs that we kedlat varied between one, three, and
five watts, and anywhere 40 to 250 lumens. Whersing which LED to use we would
need to consider cost, thermal efficiency, the wgmangle, the size of the LED, and life
expectancy.

The goal of this project isn’t to replace currkgihting sources with one using
high-brightness LEDs. The LED technology isn’t &&ient as the fluorescent tube yet,
however, in the past few years they have beenmgpiound. That being said it is
important that we try to find an LED that is the shefficient so we can compare our
LED light source to current ones, and at the same keeping in a reasonable price
range. If the LEDs would get too hot, we wouldahéz use a heat sink. This would add
to the cost, but help the efficiency. The view angf the LEDs is important, because the
wider the angle, the butter the LEDs will add whenput them in a string. To reproduce



the light of a standard light bulb, we will needh@ve a string of LEDs. One light bulb
produces 1740 lumens, and if one LED produces W@@hs it will take more than 18
LEDs to produce as much light as the light bulbe Timinescent intensity doesn’t
directly add, because all the light from each LEd2gh’t necessarily intersect. The wider
the viewing angle, the more the light will interseand the more total luminescent
intensity our string will have.

The most appealing characteristic of LEDs are thiéér expectancy. If operated
at rated conditions, a high-brightness LED will fuom anywhere between 20 to 60
thousand hours, the average light bulb lasts fouaB00 hours. Turning an LED on and
off, doesn’t shorten the lifespan of the LED eitHaraddition to a longer lifespan LEDs
are not subject to sudden burn out. There is mat potime at which the light source
ceases to function; instead, the LEDs graduallyatisyin performance over time. This
is why there is a push to develop more efficienDsEand as long as we don’t run the
LED too hot, the LEDs should last for a very loimgd.

The next thing we took into consideration was thut of our array. We
basically could do one of three things; put the kEDseries, parallel, or a combination
of the two. With the LEDs in a series combinatithg current through every LED would
be the same, and the voltage across the wholg stonld be the sum of the voltage
drops across each diode. The most attractive aspdu series string is that the current
is the same. The brightness of the LED is dirgothyportional to the current through it.
With the current in the array the same, every LE@uM be the same brightness. The
problem with a series connection is that if one LE#&s to burn up or fail, the entire
string would turn off. With a parallel connectidhe voltage across each diode is the
same, and the current is divided among each LEB.bEmefit of the parallel connection
is that if one LED were to fall, the other LED imetarray would still stay on. The
problem with the series string is that it takestaof current. If we were going to have an
array of twenty LEDs, operating at one amp, we waded 20 amps. The best way to
connect the LEDs is with a combination of bothegand parallel. Have a series string
of parallel connected LEDs. This way the curreguieements aren’t as great, and the
string won't turn off if one LED fails. However, do constraints of our current driving
chip, we ultimately chose to go with a series catee LED string.

The next thing we needed to consider was how tdrget 120 volts AC to a
desirable DC voltage. To change AC to DC, thereaamamber of different types of
rectifiers, either using some MOSFETS or diodesaBee we are only using the DC
voltage to power our LEDs, the diode rectifierhie best fit because it is the cheapest.

Considering what converter we need to step dowrlf#iov DC to whatever value
we need to power our array, we need to considdr tesibility (how easy will lit be to
obtain different voltages), and size. Our convenegds to be small enough to conceal in
our enclosure.

For our controller we needed to find the best veayary the brightness of our
LED string. As mentioned earlier, the brightnessun LEDs depends on the current
through the diode. So varying the current throughdiode will vary the brightness. We
would also like to do this without dissipating gmywer. We want our string to be as
efficient as possible. One of the problems withyiray the current to vary the brightness
is that the brightness and the current are relayegh exponential. If the dimmer was a
dial, the brightness wouldn’t change vary muchhia first half of a turn, but it would



change vary rapidly in the next quarter of a tdime brightness would not change
linearly. One way to counter this problem is tdizei the LED’s properties of being able
to turn on and off very quickly and use pulse-widtbdulation. With pulse width
modulation, you essentially operate the string pitlses run on a clock. If you want full
brightness, the pulse would just be a straightdin@hatever voltage we were operating
at. If we wanted the brightness to be 90% thelftijhtness the pulse would be on 90%
of the time and off the other 10%. This way therg&in brightness would be linear.
Our string is going to operate from AC voltagerseurom the wall. Therefore it
will be susceptible to power surges and other aties)aso it will need to be protected.
The current and the voltage are related, so prateegainst over-current will protect
against over voltage, however, the current wilbamcrease, as the LEDs get hotter,
remaining at a constant voltage. So protectingresgaiver-voltage will not necessarily
protect against over-current. Currently on the reithkere are many options to protect
against over current. There are fuses, circuitkeesa and even chips designed to shut the
circuit off at desired currents. These differentiaps vary in price, convenience, how
complicated it will be to implement. These will Bk factors in choosing which way to

go.

Final Design:

For our final design we decided to build our progound the Luxeon K2
Emitter. At the time of our research this diode wtse of the art. One LED will produce
100 lumens at one amp. A standard light bulb predd&40 lumens. So in order to
surpass the light output of the light bulb we wilkate a string of 20 LEDs. Our LEDs
have a viewing angle of 120 degrees, a lifespa&0@00 hours, or 6 years running 24
hours a day, and require a heat sink. These LE®sgay small, and the pads that make
the electrical connections on the LED are fragile.to mount our LEDs to the heat sink,
we made a PCB and cut holes in it to mount the FG@BBhe LEDs are adhered to the
heat sink with thermal epoxy.

To supply power to the LED we chose to supply astamt current through the
string. To implement this we chose Supertex’s HV®BIBLED driver. This chip utilizes
a small current sensing resistor, and an interoléhge reference to set the current.
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To set the current threshold to one amp, we saleatrent sensing resistor that will have
a voltage drop of 250mV at one amp. This is whatemts our LEDs from over current.
The chip constantly checks the voltage at CS pihtams the gate of the MOSFET when
the threshold is exceeded. The rate that it chiscgst by the resistance at the RT pin. If
the switching frequency is too little, the Inductorthe buck converter will saturate,
clamping the current, and if the switching frequeisctoo high, it could damage the chip.
For our design we have a switching frequency of Ki9g.
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The chip takes a DC voltage, and then turns the gfathe MOSFET on and off to get a
constant current. The chip also includes a Pulsd#ttWmnodulation that allows you to
decrease the current through the String.



To get a variable duty cycle square wave we weotke and implemented it with
a PIC.

Main Routine

Interrupts

L]

Initialize ports and interrupts

Timer1 counts to 1000 and sets RA1 high

v

Sense when RBO is pushed, and then
increment option

Timer1 compare sets RA1 low when PWM
is greater than Timer1

L]

Every time option is incremented, the duty
cycle is increased by 20% and a LED is
turned on on PORTC

L]

When duty cycle is 100%, decrement duty
cycle by 20% and turn off LEDs on
PORTC

Our code uses two interrupts to generate the PVgbsi Timer one sets RA1 high, and
repeatedly counts to 1000. Timer one compare /i off when the variable PWM is
greater then the count on RA1. By adjusting theeaf PWM we can change the duty
cycle to anything we want. Our main routine initiak the ports and turns the interrupts
on, then an infinite while loop continuously senB&0. When RBO is pressed a variable
option is increased. The PIC starts with RA1 turadand no LEDs on port C turned
on. With the first push of RBO on LED turns on artgC, and RA1L outputs a 20% duty
cycle.




Every push of RBO turns on another LED and incresére duty cycle by 20% until
there are five LEDs on and a duty cycle of 100%eAfhis state pressing the button
turns off LEDs on port C and decreases the Dutjecyc
Our PIC provides indication to the user to indectlte level of brightness. We ran
Ethernet cable from our PIC to the switch in thél veaturn on small LEDs as the
Brightness of the LEDs increased.
"

To have our PIC control the current, it will ndedun off of 120VAC. In order to
achieve this we used the LNK500. The LNK500 isghtrequency switching DC-DC
converter.

LinkSwitch
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The chip takes rectified AC voltage, then acts back converter, and also uses a small
transformer to drop the voltage down to five volts.

For our final enclosure, we retro-fitted a twotfdlaorescent tube enclosure that
was donated to us by Lowes. The AC wires comeriouifh the end of the enclosure and



connect to the rectifier that is mounted in thelesure. Our heat sinks with the LEDs are
mounted in the enclosure on spacers, so we crefPCBs underneath them.

Test Results:

One of our requirements was to compare light ouggfticiency, cost, and life
expectancy of all current forms of lighting withrdLED array. To effectively compare
the different light sources we needed a way to oreae light output. We were able to
acquire a Minolta Photo Meter that measured lighpot in lux. The lux is a unit based
on lumens. One lux is equal to one lumen per squater. The lux takes into account
the area over which the luminous flux is spread.

To test our LED fixture, we used the photo medemeasure the lux produced at
2 feet from the fixture and 6 feet from the fixtuF®r comparison, candlelight at 1 foot
produces 10 lux, a hallway/restroom is around &) &nd a brightly lit office is around
400 lux. The data below shows our LED fixture otitpempared to a 100W incandescent
bulb and two 32W 4 foot fluorescent tubes.

» 20 Luxeon K2 Emitter 65 Watt (1000mA)
= 2 feet: 1040 lux
= 6 feet: 150 lux
» General Electric 100 Watt Incandescent
= 2 feet: 260 lux
= 6 feet: 80 lux
» 2 Starcoat 4’ 32 Watt Fluorescent Tube (64 Watts)
= 2 feet: 1040 lux
= 6 feet: 260 lux

Lighting Source | Lifespan | Lumens/Watt | Total Cost to Operate 50,000 hours
(hours) (dollars)
LED Fixture 50,000 26.89 $353.40
100W 1,000 17.4 $417.45
Incandescent
Two 32W 5,000 60 $438.60
Fluorescent Tubes




Problems Encountered and L essons L ear ned:

Throughout our design process we encountered maiygms, and in turn
learned a lot. One problem we encountered wasih on our PIC was very sensitive. |
added button chatter protection in the code, haitdidn’t protect against false triggering.
The input sensitive to static voltage, if you toedhhe PIC anywhere near RBO, the PIC
would go crazy. To solve this, we had to put an Rt€r at the input.

We originally planned to use the VDD pin of the 8840 to supply the five volts
needed to power the PIC, however the PIC drew tochneurrent for the low voltage
side of the chip to handle. So instead of usingub® pin we had to Use an external
voltage regulator like the LNK500.

Our initial build of the HV9910 circuit had a feflmws. It initially had an output
current much lower than what we wanted. One catifeésowas that our switching
frequency was too low, and our inductor was satugatncreasing our switching
frequency greatly increased our output current. el@w, we still were not getting the
desired one amp output. After consulting with teegle at Supertex we found that the
comparator at the CS pin is sensitive, and somstheguires an R-C filter at the pin.
Adding this filter brought the current to the valhat we intended. One reoccurring
problem we encountered, was unintentionally hookiagcircuit to earth ground.
Because our circuit doesn’t have isolation fromAl@2mains, connecting earth ground
to any location on our circuit wreaked havoc. Wbanproduct is fully enclosed and
secured in the wall, there shouldn’t be any wayrimtentionally connect our circuit to
earth ground.

Future lmprovements:

Like any finished project there is always roomifaprovement. One easy
improvement and probably the most dramatic woultbhese more state-of-the-art LEDs
as they come out on the market. When we were resegrwhat LED to choose, our K2-
Emitter was top of the line supplying 100 lumensra amp. In just four months they
now make a LED that produces 200 lumens at one amp.

One reason we chose to implement the PWM withCavids because of the many
things you can do with a PIC. For instance we ctialde a motion sensor near our LED
string to sense when nobody is around, and turhEigs off, or dim them to save
energy. Another thing we could do with the PIC wblé to create a temperature sensor
and put it by the LEDs. The sensor could tell the # turn off the LED string if they
ever got too hot.

Trouble Shooting:
No light output

1. Press the button on the switch — if no indicatgints lit
a. Check connections of Ethernet wire

2. Check Connections of Switch
a. Tighten down screws

3. Make sure Power is being supplied to switch
a. Check to make sure fuse or circuit breaker is ON

4. Fixture may be defective contact manufacture foraxsupport



No indicator Lights — But Light is ON
1. Check RJ-45 Jack termination for non-connectedsiaoreboth ends

a. Re terminate Ethernet connection

2. Switch may be defective contact manufacture forarsupport

Budget:
Date Caompany Quantity Parts Retail Aguired  Retail Aguired | Shipping | Aguired
Perunit  Per Unit  price Price Price+
Shipping
11/27 2007 |Fututre Electronics 20|Luxeon K2 Emmiter LEDS $ 467 | 467 |% 9340 (% 9340 | § § 9340
1142772007 |Digi- Key 3| Inrush Current Limiter 50 Ohm 1.64 $ 196 |% 19 |5 583 |% 5855 - § 5.88
T1ABL007 | Supertex 3|HY99108 Universal High Brightness LED Driver 16 pin_ | % 115§ 115|% 345(% 345(% 500§ g.45
11MB/2007 | Supertex 3|HV9910B Universal High Brightness LED Driver 8 pin $ 054 |§F 054 |% 282 (% 282 |% 500§ 7.82
111202007 |Electronic precepts 2|Ther-0-Bond 1600 2 Part Epoxy $ 1256 | § 1256 | § 2512 | §F X208 - § 2502
11/9/2007 | Digi-Key 1|Heat Sink $ 2700 % 2700 |% 27.00 (% 2700 (% § Zroo
11372007 | Digi-Key 1|Buck Corvertor Parts - BLG Cormponets $ 1998 | § 1918 | § 1915 [ § 1916 | § § 1918
11BL007 | Mewark 15|IRF840 Power Switching Mosfets $ 035|% 035|% 530(% 530(% 5 5.30
10/21/2007 |Future Electronics 20|Luxeon K2 Emmiter LEDS $ 4B5|% A4B5|% 9306 | % 9306 )|% § 9306
10/15£2007 | Digi-Key 10|RJ-45 Jacks $ 270§ 270 |% 2700 (% 2700 (% § Zroo
10/15/2007 | Jarmeco 1|3 debounce buttons, 10 22pf ceramic Capacitors o178 |F 178 |% 178§ 178§ - ¥ 1.78
QF28/2007 | Supertex 3|HVI910B Universal High Brightness LED Driver $ 054 |% 054 |% 282(% 282(% 1000(% 1282
5/2/2007 |Future Electronics 10|Luxeon K2 Emmiter LEDS $ 345 |% 345 |% 3450 |§ 3450 (% 900 |% 4380
- o - o Poo- b -
Frese
A4007 Advanced Thermal Solutions 1|LED Heat Sink $ 2800)|% $ 2800)|% $ 15.00(% 1500
11/1/2007 |Lowes 1|2 Ft Flourescent Light $ 2000 |% $ 2000 |% oo ;] -
1|Dual Gang Switch Face Plate 5 150§ 5 150|% 5 b -
1|Dual Gang Wall Box 5 216 |§ 5 216 |§ ¥ § -
1|Light Switch 5 059§ 5 059§ 5 ] -
1192007 4[5 ft Pine 2"x4" 3 163 |% 3 B72|% § § -
Yuwarajan 1[LMES0D + BLE parts $ 10.00 $ 10.00
Totals $145.27 | § 81.34 | $410.28 | $341.31 | § 44.00 385.305

Under Budget




10

Appendix:
Code

/I Global Variables
unsigned int count, PWM,
pulse, Option;

static volatile unsigned int
TIMER1 @OxOE;

static volatile unsigned int
CAPTURE1 @0x15;

/I Subroutine Declarations
#include <pic.h>
#include "bootloader.c"
#include "function.c"

void interrupt IntServe(void)
@ 0x10

{

if(TMR1IFY
TIMER1=-1000;
if(Option >= 1){
RA1=1;}

else RA1=0;
CAPTURE1=PWM;
TMR1IF=0;}

if (CCP1IF == 1) {
CCP1IF =0;
RA1 =0;
}

}
void Wait(long int X)
{

unsigned int i;
for (i=0; i<X; i++) {
}

}
/I Main Routine

void main(void)

unsigned char Mode;
unsigned int Time;
unsigned char Phase;
unsigned int j,i;

TRISB = OxFF; I
RBO, RB1 are inputs

TRISC = 0x00; "
PORTC is output

TRISA= 0x00;

PORTC =0; 1
turn off the LEDs

Option = 0;

TMR1CS=0;
TMR1IE=1,
TMR1ON=1,
PEIE=1;
CCP1CON=0x0A;
CCP1IE=1;
CAPTUREL = 0;
GIE=1,

do {
if ( Option >= 10)
Option=0;
if ( Option==0)

{PORTC=0x00

RA1=0;
PWM=-999;

if ( Option==1)
{PORTC=0x01

RAl1=pulse;
PWM=-800;

if ( Option==2)
{PORTC=0x03;
RAl1=pulse;
PWM=-600;

if ( Option==3){
PORTC=0x07;

RA1=pulse;

PWM=-400;

if ( Option==4)
{PORTC=0x0F;
RA1=pulse;
PWM=-200;

if ( Option==5)
{PORTC=0x1F;
RAl1=pulse;
PWM=1000;

if (
Option==6)
{PORTC=0x0F;
RAl1=pulse;

PWM=-200;

if (
Option==7)
{PORTC=0x07;
RA1l=pulse;
PWM=-400;

if (
Option==8)
{PORTC=0x03;
RA1l=pulse;
PWM=-600;

if (
Option==9)

{PORTC=0x01

RAl=pulse;
PWM=-800;

while('RBO);
Wait(1000);
while(RBO);
Wait(1000);
Option += 1;
/I the program
runs
} while (1>0);
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PCB Layouts
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Datasheets
Supertex inc. HV9910B
Universal High Brightness LED Driver
Features General Description
¥ Switch moda controlier for singlo swich LED drivers  The MyIE10B |5 an open loop cumant made cortral LED drver
B Enhancad doop-in rentacemant Lo the HVE310 15, The HVE910B can ba programmed to operale = ather a
»  Open koop peak cumant contadar constant frequency or constant off-ima moda. It Includss an
»  Infarnai B.OV ta 450V linaar regulstor 8 = 450V Enaar reguiator which &iows A 1o workl from 3 wide
y 3 rargde of mput vollages without the nead for an swlernal low
¥ Constantfrequency orconstanteffSme operation |0 by The HVEB108 kiciusdes 3 FWIM dimming ingut
B Unaatand PWM dimming capabilly that can accept an exemal confrol sigral with a duty ratio of ©
*  Raquines faw sxdemal components for operation — 1007 and a fegquehcy of up o & few kicherte. | aiso Includas
a0 —250ml Bnear dimming mput which can be used for linear
dimming af tha LED sumenl
Applications The HVEO108 i ideally sulled for buik LED drivers, Since
tha HYE3 108 oparates in opan bop ocuren! mode confral, the
P DCIOC or AC/DC LED diiver applications conlratiar achisves good outpul cumment regutation withoul the
»  RGE backighting LED driver nesd for any kbop compansaton. PWM dimming response ls
»  Back Ighting ol fal panei displayz bmitad oniy by therate ol ree and fall of the inductor current,
B General pumposs constant cumant source anahing very fast nsg and 130 imes, Tha HVBE10B requines
‘ anly thres sxtemal componantz (apad from the power stage) to
b Signage anc decoretive LED igtting produse a oontrofad LED cumant making i an idesl sohution for
> Chagacs ko cxiat LED drivers.

Typical Application Circuit

T
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AT  GND
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Supertex e, - 128 Bordesl Orva, Survyvele, CATS0EE - Tal (408) 2750E8E6 - FAX: [408) 2074805 « www Suparian, com
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LNK500
LinkSwitch’ Family

Energy Efficient, CV or CVACC Swiltcher for
Very Low Cost Adapters and Chargers
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MicrRoCHIP

PIC16F87X

28/40-pin 8-Bit CAMOS FLASH Microcontrollers

Devices Included in this Data Sheet

+ FICIEFETS + FICIEFETE
« PRCIEFET4 « PICIETETT
Microcontroller Core Features:

Hign-performance RS CPU
2y 25 elnglz word stnactions 10 ieam
Al grige oyoe instnumions axcepl o program
Branches Whsn- &' twa cysie
Dpersting spees: TC - 20 MHz ciack trput

D2 - 200 ne mstraclion cytie
U 108K & 14 words af FLASH Progralm Memary,
Upio 368 1 5 byice of Data Mamory [FAM)
Up Io 158 x 3 bylee-of EEPRONM dala mamary
Pl compadbes o the PICIECTIET45TaTT
mt=runt zapatiity (up 10 14 soursss;
Sight levl deep hardware slack
Cirecl incirect and refalive adressing modes
Pawaron Resal (FOR)
Pawsr-up TImer {PYWRT) 3nd
Ciseflator Saark-up Timer (05T
Watchdog Timar (WD) &&h s oan oo-calp AC
aschator for /efatie operatian
Pragrammates podz-protchon
Powsrsaving SLEES mooe
SeleciEbie ceclliatnr aptars
Low-poweT, high-epaed ChAOE FLASHEZFROM
fEchnosogy
Fusy siafic design
m-Circait Sedsf Srogamming™ (ICSP) via lwa
ping
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